A quantitative structure activity relationship study on a series of N-alkyl imidazole analogues was made using combination of various thermodynamic electronic and spatial descriptors. Several statistical expressions were developed using stepwise multiple liner regression analysis. The best quantitative structure activity relationship models were further validated by leave-one-out method of cross-validation. The study revealed that the electronic property, i.e., dipole moment contributed positively, and spatial descriptor (principal moment of inertia at Y axis) contributed negatively. The study suggested that substitution of group at R1 position on imidazole ring with hydrophobic nature and low bulkiness are favourable for the antibacterial activity in the concerned microbes. The quantitative structure activity relationship study provides important structural insights in designing of potent antibacterial agents.
The development of new and different antimicrobial pharmacological properties such as antiparasitic, agents has been a very important step 1 . Much of the antifungal, and antibacterial activity. It has been reported research programme efforts are directed toward the that N-alkylimidazoles with the most simple structure design of new and available drugs, because of the posses inhibitory effect on microsomal oxidation and unsatisfactory status of present drugs' side effects, and the cytotoxic activity. acquisition of resistance by the infecting organisms to the present drugs [2] [3] . The resistance of common pathogens to
In the present paper, we describe the QSAR studies to standard antibiotic therapy is rapidly becoming a major investigate the relationship between the various health problem throughout the world. The incidence of physicochemical parameters and antibacterial activity of N multidrug-resistant Gram-positive bacteria is increasing, alkyl derivatives of imidazole that may be helpful in and infections caused by Staphylococcus aureus development of potent antibacterial agents. (multidrug-resistant S. aureus and coagulase-negative staphylococcus), enterococci, and pneumococci are
MATERIALS AND METHODS
particularly problematic 4 . There is a real perceived need for the discovery of new compounds endowed with
The antibacterial data of N-alkyl imidazole derivatives antibacterial property, possibly acting through mechanisms with activity on S. aureus, E. coli, P. aeruginosa were of action that are distinct from those of the well-known taken from the reported work of Khabnadideh et al. 6 classes of antibacterial agents to which many clinically ( Table 1 ). The biological activity data MIC (minimum relevant pathogens are now resistant 5 .
inhibitory concentration in mg/ml) were converted to negative logarithmic dose in moles (pMIC) for QSAR The N-alkyl derivatives of imidazole were identified as analysis. The correlations were sought between inhibitory potential candidates for the antibacterial agents. Nactivity and various substituent constants at position R 1 of substituted imidazoles exhibit a variety of valuable molecule ( fig. 1 ) and indicator variable for presence of methyl group at R 2, and presence of nitro group in the or MR), hydrogen acceptor (HA), hydrogen donor (HD) and electronic (field effect or F, resonance effect or R, and Hammett's constant or σ) were taken from the literature 7 . The series was also subjected to molecular modelling via 3D-QSAR studies using CS Chem-Office 6.0 8 running on a P-III processor. Structures of all the compounds were sketched using builder module of the programme. These structures were then subjected to energy minimization using force field molecular mechanics-2 (MM2) until the root mean square (RMS) gradient value became smaller than 0.1 kcal/mol. Å. Minimized molecules were subjected to re-optimization via Austin model-1 (AM1) 9 method until the RMS gradient attained a value smaller than 0.0001 kcal/mol. Å using MOPAC. The geometry optimization of the lowest energy structure was carried out using Eigenvector following routine. The descriptor values for all the molecules were calculated using "compute properties" module of programme.
Calculated thermodynamic descriptors included critical temperature (T ), ideal gas thermal capacity (C ), critical Stepwise multiple linear regression analysis method was used to perform QSAR analysis employing in-house VALSTAT 10 programme. The ±data within the parentheses are the error of regression coefficients associated with corresponding regression coefficients in regression equation. The best model was selected on the basis of various statistical parameters such as correlation coefficient (r), standard error of estimation (SE), sequential Fischer test (F). Quality of the each model was estimated from the cross-validated squared correlation coefficient (2   ) 11 , calculated root mean square error (S DEP ), chance statistics evaluated as the ratio of the equivalent regression equations to the total number of randomized sets; a chance value of 0.01 corresponds to 1% chance of fortuitous correlation and boot-strapping square correlation coefficient (r 2 ), which confirm the robustness bs and applicability of QSAR equation.
RESULTS AND DISCUSSION
When data set was subjected to stepwise multiple linear regression analysis, in order to develop 2D-QSAR between antibacterial activity in various microbes as dependent variables and substituent constants as independent variables, several equations were obtained. 2D-QSAR analysis suggested that for all the three microbes, substitution at R 1 position very much dominates the activity as compared to the indicator variable at R 2 and R 3 position ( fig. 1) . At R 1 position, π contributed positively, which is responsible for hydrophobicity of the molecules; but MR contributed negatively, which suggests that less bulky substitutions form the activity.
The series was also subjected to molecular modelling using 3D-QSAR; all the descriptor values for the molecules, calculated from the programme, were considered as independent variables, and inhibitory concentration data (pMIC) in microbes like S. aureus, E. coli, and P. aeruginosa were taken as dependent variables. Regression gave various multivariant equations with high correlation coefficients, but the equations having inter-correlation among the physicochemical properties (ICAP) less than 0.3 were considered. The regression analysis study of antibacterial data and physicochemical descriptors for S. aureus gave a significant equation (Eqn.4) with better correlation coefficient (r=0.894), which accounted for more than 79.9% of the variance in activity. The data showed overall internal significance level better than 99.9% as F =27.878, which exceeded the tabulated 
Obs. pMIC
The 2D analysis suggested that the substitution at R 1 position with various alkyl groups affect the antibacterial which suggested that less bulky groups around Y-axis in the molecules are favourable for the activity. DPL contributed positively to the activity up to a small extent as compared to the PMIY, suggesting that the moiety, which increases the charge distribution over the molecules, is favourable for the activity. It could be concluded that new molecules should be designed by considering the shape and size of the molecule, possessing at least one electron-withdrawing group on imidazole ring system and optimising the hydrophobicity For E. coli, various statistical significant equations were obtained, but equation 5 was considered as the best model, which accounted for more than 80.4% of the variance in activity. The data showed overall internal significance level better than 99.9% as F (2,14a0 .001) =28.661 against tabulated F (2,14a0.001) =13.9. The equation was further subjected to cross-validation method to confirm the internal consistency; the cross-validated squared correlation coefficient (q 2 =0.740) suggested good predictive ability of the antibacterial activity (Table 3 In case of P. aeruginosa, monovariant (Eqn. 6) was considered as model on the basis of fitness of the and bulkiness at R 1 position.
